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In this pedagogical article, we extend the direct derivation of the classical non-relativistic Ruther-
ford scattering cross section, differential, in the laboratory frame of two equal mass particles, ala
relativistic quantum mechanics as presented in the book of Bjorken and Drell up to (0/0)2 order.
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I. INTRODUCTION

The classical non-relativistic Rutherford scattering cross section, differential, in the laboratory frame is computed in
the classical mechanics in two steps. First the Rutherford scattering cross section, differential, in the center of mass

frame is calculated, [0], as wEk% bmi 5 where, O is the c.0.m scattering angle. Then using transformation from the

the center of mass to the laboratory frame [@], the differential scattering cross section is calculated in the laboratory

frame, for two particles of equal mass and elastic scattering, as E’E ﬁ%, where, 6 is the laboratory frame scattering

angle. On the other hand, in the relativistic quantum mechamcs of Dirac, the differential scattering cross section

can be calculated in the laboratory frame directly, [2]. Taking non-relativistic limit has yielded, [3] us the classical
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non-relativistic differential cross-section, 7 sl In this paper, we extend the analysis up to (v/c)? order.

II.

Starting from the Dirac equation of a spin half particle, of rest mass mg and charge q, in the presence of electromagnetic
field, A", is given by (ihv*0,, — gy" A, — moc)Y(x) = 0 and considering a scattering between a a hypothetical proton
and an electron, assuming the hypothetical proton’s mass being equal to that of the electron i.e. seting mg = My we
obtained the differential scattering cross section ala [2], in our previous paper, [3], as
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Resorting to non-relativistic limit keeping terms upto (%)2 order, tentamounts to,
v 3
E;, = moc + mo— + —mgv;

2 8
E, E 1 3
=L =mie 4 omi(o} +of) + Smif + v} (BT + 57,

2 2

C
1 3
B — By = gmo(v] = v}) + gmo(v}6} —viB}),
B 1
|pf| = movf(l + iﬂ]%)7
B + 67

Di.pF = mgvivfcosﬁ(l + 5 ),

3
dEf = movfdvf(l + ZBJ%)
one achieves,

EE; .
5(2m2c® — 277f+2pi.pf+2m0(EﬁEf))

BE+BF. 3,

3
:aﬂﬁwﬁu@+mﬁwwwwa+ )ffmwf+ﬁmﬁ+@wﬂﬁ(?f%+fma%¥fﬁﬁn

2 4 4

2

= mo; d(vy — vicosl + — (62 —|—6f)(vf - 31}10059)) mu;s d(vy — vicosl + — (ﬁQ + B2c0s%0)(vicosh — 31},»0030))
1
= mé(vf — v;cos0(1 — Z/J’f(l + cos?0)))
E, E 3

(py —pi)? =2m2c® — 2p; pf= 2[mic? — (??f —pi.pp)] = mi[—v? — vf + 2uvgcosf(1 + = (ﬁ2 + ﬁf)) (’U + vf)(ﬂ2 + ﬁf)]
BZ (1 Jr c0s%0)(cos?0 — 3)
(pf _pi)2‘vf—vicose(l—%B?(l-{-cosze)):o = —m%v?sm 9[ - Z sin20 ]
1 1 B (1 + cos?0)(cos* — 3)

WL@ vicos0(1—21B2(1+cos20))=0 — é’U?SZWAG[l + ? sin20

[QmOEfE' + mo(pi pf)(E" - Ef — moc2) + moc [Z(Ef - ) + m002

]
2.2 Ei By 22 Li
= mpct +mic (?— +p;.pf) + mo(Ef — E;)(2mge” — ?— + pipp) = 2mgct[l + ﬁf(ﬂf + Bicosh)
[2ngfEZ + mO(pzpf)(El - Ef — moc ) + moc [Z(Ef - E ) + moc H|Uf—vic059(1—Zﬁ?(l-&-coszO)):O - 2r’nOC [ + 52200520

]
]
]
|



Hence, the differential scattering cross-section, in the NR, for two non-identical particles of equal mass and equal but
opposite charges, in the laboratory frame i.e. when one particle is at rest initially is given by, up to (%)2 or, 32, order
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